Objectives. To investigate the prevalence and associated factors of hearing aid acquisition in Chinese older adults.
H earing loss, as the most common sensory impairment, has become a public health concern across the globe. 1 Approximately one third of the world's population aged 65 years and older are affected by disabling hearing loss. 2 In the United States, hearing loss was ranked as the third top chronic disease among older adults, affecting more than 60% of individuals aged 70 years and older according to the 2005-2006 National Health and Nutrition Examination Survey. 3 In China, about 11% of people aged 60 years and older suffered from disabling hearing loss according to the Second Sample Survey on Disability in 2006. 4 The prevalence of hearing loss goes up with increasing age 5 and will further surge with the accelerated process of global aging. 6 Hearing loss is irreversible for most elderly people, 7 and untreated hearing loss is associated with numerous adverse health outcomes, affecting communication, social interaction, and emotional well-being. 8, 9 Using hearing aids is the most widespread treatment of hearing loss in older adults. 10 Studies have indicated that individuals who use hearing aids reported better quality of life with increased social interaction, independence, and activity levels; less depression; and improved general health. 11, 12 Using hearing aids is also a costeffective rehabilitation strategy for older adults because it is more convenient, inexpensive, and viable than other rehabilitation options such as cochlear implants. 13 Despite the multiple physical and psychological benefits of hearing aids, the utilization rate in older adults is very low worldwide. 10 Population-based studies in developed nations and regions found that prevalence of hearing aid use in older adults varied with reports of 11.0% in Australia, 14 14 .2% in the United States, 15 and 18.4% in Taiwan. 16 Studies also suggested that determinants of hearing aid use were complicated and diversified in populations with varying sociodemographic characteristics, audiological levels, and hearing health care access. 17 However, a very limited number of studies regarding hearing aid utilization and its associated factors have been conducted in developing countries. 18 So far, we have not found population-based studies on hearing aid use among older adults with hearing loss in China.
The current work presents a populationbased approach to estimate the prevalence and its potential sociodemographic and audiological factors of hearing aid acquisition in Chinese older adults with hearing loss. This study will fill the gaps on this topic for China and contribute to the world literature in the context of countries in the Far East.
METHODS
We obtained data from a population-based survey on ear and hearing disorders, which was conducted in 4 provinces of China (Jilin, Guangdong, Gansu, and Shaanxi) from August 2014 to September 2015. Using the method of probability proportion to size sampling, we randomly selected 47 511 individuals from 144 sites in 24 counties or districts in 4 provinces, and 45 052 of them participated in the survey, yielding a participation rate of 94.8%. 19 22 All participants were required to complete the pure tone audiometry, otology examination, and the questionnaire. In this study, we restricted our analysis to 1503 adults aged 65 years and older who both had some degree of hearing loss and were required to wear a hearing aid as assessed by otologists according to the WHO Ear and Hearing Disorder Survey Protocol. 20 Details on the process of sample selection are presented in Figure 1 .
Audiometric Assessment
The survey recruited examiners from local primary health care institutions, including village doctors in rural areas and community physicians in urban areas. National technical teams provided training to examiners in survey skills and audiological techniques. Before the survey, examiners selected local audiometric test rooms with ambient noise levels not exceeding 40 decibels measured by pure tone audiometers (Chinese Standard: GB/T16403-1996), and other required examination equipment. A subsample with 5% of participants was rechecked during and after the survey, and the consistency rates of rechecks both reached 90% and greater. 19 Pure tone audiometry was conducted in selected quiet rooms and the suspected patients were referred to audiologists for final diagnosis of hearing loss. Both ears were tested separately at 0.5, 1, 2, and 4 kilohertz to obtain the hearing threshold on each frequency point. Pure tone threshold averages in the better ear were calculated to identify grades of hearing loss for adults according to the WHO standard. 20 Hearing loss in this study was categorized as normal: less than or equal to 25 decibels; mild: 26 to 40 decibels; moderate: 41 to 60 decibels; and severe: greater than or equal to 61 decibels.
Measures
The outcome measure was defined as a binary variable: whether a hearing aid was Prevalence rate: 6.5%
Self-reported by subjects or family members
Needed proportion: 50.6%
Note. WHO = World Health Organization. 23, 24 Sociodemographic variables consisted of age (65-74 years and ‡ 75 years), gender (male and female), ethnicity (Han and others), marital status (unmarried and married), residence (rural and urban), education (illiterate, primary school, and junior high school and above), and annual family income per capita (in tertiles). Audiological variables referred to self-perception of hearing loss (no and yes), severity of hearing loss (mild, moderate, and severe), understanding hearing aid function (no and yes), and receiving a hearing test during the past 12 months (no and yes). All independent variables were self-reported by individuals with hearing loss or by their family members.
Statistical Analyses
We present prevalence of hearing aid acquisition with 95% confidence intervals (CIs) in different groups. We used logistic regression models to estimate the relationship between associated factors and the outcome measure. We performed multivariate analyses to calculate adjusted odds ratios (ORs) with 95% CIs. We considered a P value of less than .05 to be statistically significant. We used Stata version 13.0 for Windows (Stata Corp LP, College Station, TX) for statistical analysis. Table 1 shows characteristics of study participants. In a total of 1503 individuals, 58.0% were aged between 65 and 74 years, 50.0% were female, 96.9% were Han ethnicity, 67.1% were married, 53.6% lived in a rural area, 37.1% had education of primary school, and 40.9% were from middle-income families. Most participants (92.6%) perceived themselves to have hearing loss. The proportions of mild, moderate, and severe hearing loss were 22.6%, 52.3%, and 25.2%, respectively. More than half (55.6%) of participants did not understand hearing aid function, and most (92.0%) had not received a hearing test within the past 12 months of the survey. Table 1 also presents results stratified by acquiring or not acquiring hearing aids. Table 2 presents the estimated prevalence of hearing aid acquisition and adjusted ORs in the multivariate models. Overall, the estimated prevalence of hearing aid acquisition was 6.5% (95% CI = 5.3%, 7.8%). In the multivariate models, residence, severity of hearing loss, understanding hearing aid function, and receiving a hearing test in the past 12 months were each significantly associated with hearing aid acquisition. Urban residents were more likely (OR = 1.8; 95% CI = 1.0, 3.3) than rural residents to acquire hearing aids. Individuals with severe hearing loss had more than 2-fold odds (OR = 2.7; 95% CI = 1.3, 5.4) of obtaining hearing aids than were their peers with mild hearing conditions. Compared with not understanding hearing aid function, understanding its function was associated with elevated hearing aid acquisition (OR = 1.8; 95% CI = 1.1, 2.9). Having received a hearing test greatly increased the odds of hearing aid acquisition (OR = 6.4; 95% CI = 3.7, 10.9), compared with not having received a hearing test. Table 3 gives reasons for not acquiring a hearing aid among Chinese older adults with hearing loss. Among 1401 individuals who did not acquire a hearing aid, the top-3 reasons they reported were not understanding its function (25.4%), not needing it (22.3%), and not being able to afford it (21.3%). Stratified analysis by gender showed similar results for reasons why individuals did not acquire a hearing aid. Stratified analysis by residence showed that the top-3 reasons for not having a hearing aid were not understanding its function (27.7%), not being able to afford it (26.1%), and not needing it (17.8%) in the rural area as opposed to not needing it (27.7%), not understanding its function (22.6%), and not being able to afford it (15.5%) in the urban area.
RESULTS

DISCUSSION
We used a population-based approach to investigate the prevalence of hearing aid acquisition among older adults who were required to have an aid as assessed by otologists, its associated sociodemographic and audiological determinants, as well as reasons for not acquiring a hearing aid, based on the WHO Ear and Hearing Disorders Survey Protocol. To the best of our knowledge, this is the first population-based survey on hearing aid acquisition in China and represents one of the most comprehensive population-based studies on this issue in developing nations.
Although more than one half of Chinese older adults with hearing loss needed to wear a hearing aid, only 6.5% of them had acquired one at the time of the survey. The prevalence of hearing aid acquisition in China was much lower than that in other population-based studies in developed countries, such as Australia (11.0%) 14 and the United States (14.2%). 15 On the other hand, the prevalence of hearing aid acquisition in China was higher than it was in some developing countries. For example, the self-reported prevalence of hearing impairment among Indian people aged 60 years and older was 63.1%, but the reported use of hearing aids among those with hearing impairment was only 1.47%. 25 We found that residence was the only sociodemographic factor that was associated with hearing aid acquisition, showing that individuals in urban areas had greater odds than their rural peers of obtaining hearing aids in China. The urban-rural disparity may result from a geographical gap in access to hearing health care, which means rural patients were more likely to be delayed in receiving hearing aids because they probably needed to travel more than their urban counterparts to arrive at hearing care facilities. In addition, the underlying urban-rural difference in the knowledge, attitudes, and behaviors of older adults with hearing loss potentially led to different perceptions on the diagnosis and treatment of hearing loss. 26 The remaining sociodemographic factors were not correlated with hearing aid acquisition in our findings. For instance, there was no age difference in acquiring hearing aids among Chinese older adults with hearing loss, which is consistent with studies in South Korea 6 and Norway. 27 Educational level in this study was not significantly associated with hearing aid acquisition. There was no consistent conclusion on the role of education in hearing aid use. Research in the United States showed that education was positively associated with prevalence of hearing aid acquisition. 24 Other studies, however, found no association between education and hearing aid use. 6, 28 In this study, we found no association between family income and hearing aid acquisition. This is likely attributable to the Chinese government's efforts to diminish financial barriers in access to hearing aids. To make hearing health care more affordable, WHO launched the guidelines for hearing aids and services for developing countries in 2001. 29 Audiological factors involved in this study, except for self-perception of hearing loss, were related to hearing aid acquisition. First, individuals with severe hearing loss were more likely than those with mild conditions to obtain hearing aids, which is consistent with previous studies. 17, 24 This is well understood because individuals with more severe conditions often have more urgent need to seek hearing services and wear a hearing aid. In addition, understanding hearing aid function was associated with elevated prevalence of hearing aid acquisition. Previous research suggested that educating older adults 
Reasons
Male (n = 689), % Female (n = 712), % Rural (n = 769), % Urban (n = 632), % All (n = 1401), % on the functions and benefits of hearing aid use may increase the willingness of hearing aid utilization. 31 Furthermore, our findings showed a strong association between having received a hearing test in the past 12 months and increasing hearing aid acquisition, which is in line with previous research. 32 We observed that the 3 most likely reasons for individuals not acquiring a hearing aid were feeling that it was unnecessary (did not need it), incomprehension (did not know its function), and unaffordability (cannot afford it). This is similar to a study in the United States, which showed that the top-3 reasons for not obtaining a hearing aid were that the individual considered it unnecessary, the cost, and the inconvenience. 24 On the one hand, our findings verified that hearing aid demands were not as high as we expected, and the cost was still one of the key barriers to hearing aid access in China. On the other hand, different from US research, not understanding hearing aid function was the most common reason for not having a hearing aid in China. This indicates a severe shortage of knowledge regarding hearing loss treatment and rehabilitation among Chinese older adults. In addition, there was slight difference in the top-3 reasons for not having a hearing aid for urban and rural individuals: the most likely reason was not understanding the function of hearing aids for rural individuals and not needing it for urban individuals. This implies that public health planning for improving hearing loss treatment should consider the urban-rural difference in difficulties of access to hearing services.
Limitations and Strengths
This study has a few limitations. First, self-reported information regarding hearing aid acquisition may lead to measurement bias. Second, we did not include the frequency and length of time of using hearing aids. Therefore, we were unable to conclude whether determinants involved in our study were associated with intensity of hearing aid use. Third, family members' experience with hearing aids may affect their acquisition. However, because of the restriction of our study design, we failed to incorporate this information. Finally, a cross-sectional design for this work cannot draw a causal association of sociodemographic and audiological factors with hearing aid acquisition.
Several strengths of the current study, to some extent, balance its limitations. First and foremost, population-based design for this study can capture more objective information on hearing aid acquisition than can studies conducted in clinical populations in which individuals have already determined to seek services for their hearing conditions. In addition, we used standard audiometric methods to measure hearing capacity, which is more precise than self-reported hearing indicators. Furthermore, we relied on both hearing conditions and audiologists' recommendations to identify participants who needed to obtain a hearing aid, which is more plausible than only relying on hearing conditions to identify hearing aid need in previous studies.
Public Health Implications
Hearing aid use, as a widespread rehabilitation and treatment of hearing loss, remains a big challenge in China. Urban residency, having severe hearing loss, and understanding hearing aid function were associated with higher rates of hearing aid acquisition in older adults with hearing loss. The main reported reasons for not acquiring a hearing aid included not needing it, not understanding its function, and not having the ability to afford it.
This information has implications for public health practice and research. First, increasing hearing aid use should be a focus of future public health interventions. For example, routine hearing testing for older adults seems to be necessary to meet the hearing care need. Apart from providing low-cost hearing aids, more efforts should focus on greatly improving and disseminating knowledge on hearing and increasing understanding of hearing aid function among older adults. Second, further studies are needed to develop cost-effective rehabilitation strategies for hearing loss and to investigate the causal association of audiological and sociodemographic factors with hearing aid use in China.
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